Abstract
Introduction
Predictive control is now one of the most widely used advanced control methods in industry, especially in the control of processes that are constrained, multivariable and uncertain. A large number of implementation algorithms, including industrial predictive control applications (Qin and Badgwell, 2003) have appeared in the literature.
The cornerstone of MPC is the model (Clarke, 1996) . It cause MPC is called MBPC (model-based predictive control). MPC uses models in 2 ways: using a reliable model to predict effect of past control moves on P (prediction horizon) future outputs, assuming no future moves, and using the same model to compute the optimal M (control) horizon moves.
Dynamic matrix control (DMC) (Cutler and Ramaker, 1980) is the most popular MPC algorithm used in chemical process industry today. Over the past decade, DMC has been implemented on a wide range of process applications. A major part of DMC's appeal in industry stems from the use of a linear finite step response model of the process and a simple quadratic performance objective function. The objective function is minimized over a prediction horizon to compute the optimal controller output moves as a least-squares problem.
Tuning a controller is a direct way to reach its optimum performance. Tuning conventional controllers (P, PI, and PID) is related to obtain an optimum setting of controller parameters (controller gain K c , integral time T i , and derivative time T d ). Ziegler-Nichols, Lopez, Ciancone, etc. (Marlin, 2000) are some examples of single-loop tuning in P, PI, and PID controllers. Huang, et al. (2003) has proposed a direct method for multi-loop (multivariable) PI/PID controller design based on FOPDT/SOPDT model of each loop.
An MPC controller has certain parameters setting to achieve its optimum performance. Those parameters are sampling time (T), prediction horizon (P), model horizon (N), control horizon (M), controlled variable weights ( ), and move suppression coefficients ( ). During the time, trialand-error efforts have been done to find out this goal until Shridhar and Cooper (Dougherty and Cooper, 2003) proposed a tuning strategy for unconstraint SISO and multivariable MPC. Dougherty and Cooper (2003) proposed a non-adaptive DMC tuning strategy (see Table 1 ) based on all of FOPDT models in systems. 
OLMR Distillation Column
Consider OLMR (Ogunnaike, Lemaire, Morari, and Ray) distillation column (Ogunnaike, et al, 1983) as shown by Figure 1 . The distillation column studied was a 19 plate having variable feed and side stream draw-off locations, with the binary ethanol-water system.
Although this multivariable control strategy may be implemented for either time domain or Laplace transform models, here we shall outline the essential features using a Laplace domain model. For multivariable systems such as distillation columns having multiple delays, a commonly employed linear model takes the form:
(1) Table 2 (time unit is minutes).
Several methods to get the optimum performance of the plant have been implemented. Ogunnaike et al. (1983) have implemented PI controller with delay compensator to improve the control performance of PI controller without delay. Luyben, et al (1988) Although BLT was better than DMC (Luyben, et al, 1988) , Dougherty and Cooper (2003) have proved that the applications of the non-adaptive DMC tuning strategy in the three 2x2 processes (general transfer function, multi-tank, and distillation column) have a satisfactory performance. So, we will implement this strategy to improve the control performance of OLMR distillation column that has 3x3 matrixes of input and output variables.
Results and Discussions
As shown in Table 1 , the tuning strategy uses FOPDT (first-order plus dead-time) model to calculate Ts, P, M, , and . Because of OR (3x3) model has one SOPDT (second-order plus dead-time), this transfer function has to be changed into FOPDT. By using PRC (process reaction curve) from step change testing of the SOPDT and applying a method developed by Smith (Marlin, 2000) , the FOPDT is obtained (K However, this approximation is only to calculate the MPC tuning parameters, not as a plant. The plant to be simulated is the original model. The calculation produces Ts = 0.71, P = 91, M = 30, = 1, and =433,520. MPC TOOLS of MATLAB® was used to simulate the plant (OLMR 3x3 process). In the MPC setting, three parameters of Ts, P, and M are used, while the others used the default setting. 
